Using published luminosity and molecular gas profiles of the merger remnants NGC 3921, NGC 7252 and Arp 220, we examine the expected morphological and kinematic structure of the resulting merger remnants, especially in light of the massive CO complexes that are observed in their nuclei. For NGC 3921 and NGC 7252 we find that even under the most optimistic estimates (normal IMF, no mass ejection, 100% efficiency of turning gas into stars, fading the present population by 1 mag), the resulting luminosity profile should still be characterized by an r 1/4 law. In view of previous optical work on these systems, it seems likely that they will evolve into normal ellipticals as regards their optical properties. Due to a much higher central molecular column density, Arp 220 might not evolve such a "seamless" light profile. We conclude that ultraluminous infrared mergers such as Arp 220 either evolve into ellipticals with luminosity spikes, or do not produce many low-mass stars out of their molecular gas complexes. Finally, we examine the differences between the molecular gas morphology and kinematics of NGC 3921 and NGC 7252, suggesting that whether a remnant is boxy or disky may depend on the gas content of the progenitors.
INTRODUCTION
An early objection to the merger hypothesis for elliptical formation was that the luminosity densities of spiral disks are much lower than those of ellipticals (e.g. Carlberg 1986 ). This was based on the fact that non-dissipative merging leads to a lower luminosity density in the remnant than in either of the two progenitors (Ostriker 1980) . However, once a dissipational component was included in numerical simulations of galaxy interactions (and even before, e.g. Toomre & Toomre 1972) , it became clear that gaseous dissipation can efficiently drive large amounts of gas into the central regions (Negroponte & White 1983 , Noguchi & Ishibashi 1986 , Barnes & Hernquist 1991 . Indeed, it was considered a great success of early hydrodynamical work to be able to reproduce dense knots of gas within the central regions of merger remnants, similar to the gas concentrations observed in the IR luminous mergers (Barnes & Hernquist 1991 , Sanders et al. 1988b . Since the inferred central gas mass densities in the observed gas knots (∼ 10 2 M ⊙ pc −3 ) are comparable to the stellar mass density seen in the cores of normal ellipticals, it seemed natural that they would be the seed of a high surface brightness remnant (Kormendy & Sanders 1992) .
However, numerical work by Mihos & Hernquist (1994 , 1996 suggests that the codes offer an embarrassment of riches. In particular, they find that their simulated gas component is too dissipative, and results in gas cores that, should they turn entirely into stars, will not join seamlessly onto a universal profile, such as as the de Vaucoleurs r 1/4 profiles observed in the majority of normal ellipticals (de Vaucouleurs 1953) . They suggest that mergers that undergo such large amounts of dissipation will not evolve into normal ellipticals, but will form remnants with a sharp "spike" in their luminosity profiles, with a suggested increase in surface brightness by factors of 10-100 at small radii. This prediction, if true, offers a means to constrain the frequency of highly dissipative mergers in the past by searching for their fossil remnants in the cores of nearby ellipticals.
We investigate this question observationally by converting the observed gas column densities of on-going or latestage mergers into a predicted stellar surface brightness (assuming a stellar mass-to-light ratio appropriate for an evolved population), and comparing this to the expected surface brightness of the present stellar population evolved by 2 Gyr. We conduct this experiment with the late-stage mergers NGC 3921 and NGC 7252 and the ultraluminous infrared (ULIR) system Arp 220. Detailed studies on each of these systems, which fully discuss their status as late stage mergers, can be found in Schweizer (1996) and Hibbard & van Gorkom (1996) for NGC 3921; Schweizer (1982) and Hibbard et al. (1994) for NGC 7252; and Scoville et al. (1997) and Yun, Hibbard & Scoville (1999) for Arp 220.
LUMINOSITY PROFILES OF REMNANTS

NGC 3921 & NGC 7252
For these moderately evolved merger remants (ages of ∼ 0.5-1 Gyr since their tidal tails were launched, Hibbard et al. 1994 , Hibbard & van Gorkom 1996 , the observed gas and luminosity profiles are used to predict the expected luminoisty profile of a 2 Gyr old remnant by assuming that all of the observed molecular gas is turned into stars, and adding this light contribution to the present luminosity profile after allowing it to fade due to passive aging effects. Optical luminosity profiles have been obtained by Schweizer (1982 Schweizer ( , 1996 , Whitmore et al. (1993), and Hibbard et al. (1994) , showing them both to be well fitted by an r 1/4 profile over all radii, with no apparent luminosity spikes. The molecular gas surface densities are plotted in Figure 1 , taken from Yun & Hibbard 1999 (NGC 3921) , Wang et al. 1992 (NGC 7252); and Scoville et al. 1997 (Arp 220) . The H 2 surface densities are derived from the observed CO fluxes by adopting the standard Galactic conversion factor of N H2 /I CO = 3 × 10 20 cm −2 (K km s
(see Young & Scoville 1991) . These are converted into gas mass densities by multiplying by a factor of 1.34 to take into consideration the expected contribution due to Helium. The gas surface densities (Σ gas in M ⊙ pc −2 ) are converted to optical surface brightnesses (µ B ) by dividing by the stellar mass-to-light ratio (M * /L B ) expected for a 2 Gyr old burst population. We adopt the stellar mass-to-light ratios given by de Jong (1995, Table 1 of ch. 4), which were derived from the population synthesis models of Bruzual & Charlot (1993) for a burst population with a Salpeter IMF, Solar metallicity and an age of 2 Gyr (M * /L B = 0.90
−2 corresponds to µ B = 27.06 mag arcsec −2 (adopting M B,⊙ = +5.48), the conversion from gas surface density to optical surface brightness is given by µ B (r) = 27.06 mag arcsec −2 − 2.5 × log[Σ gas (r)/(M * /L B )]. The expected luminosity profiles of the evolved remnants is estimated by taking the observed B-band profiles (from the data of Schweizer 1996 , Hibbard et al. 1994 , allowing for a fading of +1 mag arcsec −2 in the B-band over the next 2 Gyr (Bruzual & Charlot 1993 , Schweizer 1996 , and adding in the expected contribution from the molecular disk calculated above. We emphasize that this should be a worse case scenario, since it assumes the that none of the molecular gas is lost to stellar winds or SNe and that 70% of the gas mass gets turned into stars with
The results of this exercise are plotted in Figure 2 . This plot shows that the observed gas densities in NGC 3921 and NGC 7252, although high, are not high enough to significantly affect the present luminosity profiles. The profile of NGC 3921 is basically indistinguishable from an r 1/4
profile. The profile of NGC 7252 does show a slight rise at small radii, but only by a modest amount (∼ 0.5 mag arcsec −2 ), not the factors of 10 or 100 predicted by Mihos & Hernquist (1994) . It also shows some fine-scale features (particularly the bump at 1 kpc), but we expect these features to be erased within the next few 100 Myr as the CO continues to settle into the inner regions. Therefore the resulting luminosity profiles of these remnants are now and should remain fairly typical of normal elliptical galaxies, and we conclude that the apprehensions expressed by Mihos & Hernquist are not relevant for all mergers of gasrich galaxies. Since both of these systems also obey the Faber-Jackson relationship (Lake & Dressler 1986 ) and NGC 7252 falls upon the fundamental plane defined by normal ellipticals (Hibbard et al. 1994 , Hibbard 1995 , it appears that at least some mergers of gas-rich systems can evolve into normal elliptical galaxies as far as their optical properties are concerned.
Arp 220
Performing a similar analysis for Arp 220 is not as straight forward, since the merger is very dusty and no suitable optical profiles exist in the literature. Instead, we use the effective K−band surface brightness measured by Wright et al. (1990;  µ o,K = 13.7 mag arcsec −2 , see also Doyon et al. 1994) and compare this to the expected K−band surface brightness of the aged burst population.
To convert the observed gas surface density to a K−band surface brightness we adopt a K−band mass to light ratio from de Jong (1995) appropriate for a 2 Gyr old population of Bergstrom et al. 1992 ), the conversion from gas surface density to optical surface brightness is given by µ K (r) = 25.0 mag arcsec
. This suggests that the central gas surface density for Arp 220 of 3.5 × 10 4 M ⊙ pc −2
( Fig. 1) will produce a remnant with a total K−band surface brightness of 12.35 mag arcsec −2 , i.e. 1.35 mag arcsec −2 brighter than the present K−band surface brightness measured by Wright et al. (1990) . The difference will be ∼ 0.8 mag arcsec −2 more in the B−band due to the expected B−K colors of the different populations (Bruzual & Charlot 1993) . We therefore conclude that the expected burst population will outshine the present stellar population, if indeed all of the current molecular gas is converted into stars. Since the molecular gas profile exhibits a "spike" at r < 500 pc (Fig. 1) , we conclude that Arp 220 has the potential to evolve a similar "spike" in its luminosity profile. We note that the expected brightening would actually move Arp 220 closer to the K−band "fundamental plane" projections occupied by normal ellipticals (see Fig. 3 of Doyon et al. 1994) .
Since Σ H2 is tightly correlated with IR luminosity , we infer that other ultraluminous IR galaxies might experience similar fates. It is therefore possible that the ultraluminous IR galaxies do indeed evolve into ellipticals with a central spike, as envisioned by Mihos & Hernquist (1994) . Such profiles are not totally unknown, however. For example, ∼ 10% of the the Nuker sample profiles presented by Byun et al. (1996) show such anomalous cores (e.g., NGC 1331, NGC 4239).
However, it is not a foregone conclusion that an optical "spike" is inevitable for Arp 220. This system presently hosts a very powerful expanding "superwind" (Heckman et al. 1996) , which may be able to eject a significant fraction of the cold gas in a "mass-loaded flow" (e.g. Heckman et al. 1999) . Such winds are common in ULIR galaxies (Heckman, Armus & Miley 1990 , Heckman, Lehnert & Armus 1993 . Another related possibility is that the burst IMF may be biased towards massive stars (i.e. "top heavy", Young et al. 1986 , Scoville & Soifer 1991 . Such bursts will leave far fewer remnants normal IMFs.
A second possibility is that the standard Galactic COto-H 2 conversion factor is inappropriate for ULIRs, and that the high gas surface densities derived from CO observations (and thus resulting stellar luminosity profile) may be over-estimated (see Downes et al. 1993 , Bryant & Scoville 1996 . However, the errors in the CO-to-H 2 conversion are expected to be only a factor of a few (see Downes et al. 1993 , Bryant & Scoville 1996 , Scoville et al. 1997 , which may make the "spike" less severe, but would not remove it entirely for Arp 220.
Some support for the idea that central gas cores may be depleted by the starburst is given by a population synthesis model of NGC 7252, which suggests that it did experienced an IR luminous phase (Fritze-von Alvensleben & Gerhard 1994). While the current radial distribution of molecular gas in NGC 7252 is flat and lacks the central core seen in Arp 220, it appears to connect smoothly with that of Arp 220 in Fig. 1 . Therefore one may speculate that NGC 7252 did indeed have a radial gas density profile much like Arp 220 but has since lost the high density gas core due to prodigous massive star formation and/or superwind blowout. However, the burst parameters are not strongly constrained by the available observations, and a weaker burst spread over a longer period may also be allowed (Fritze-von Alvensleben & Gerhard 1994) . Further insight into this question could be obtained by constraining the past star formation history in other evolved merger remnants.
In conclusion, a comparison of the peak molecular column densities and optical surface brightnesses in NGC 3921 and NGC 7252 suggests that some mergers between gas-rich disks will evolve into elliptical-like remnants with typical luminosity profiles, even considering their present central gas supply. For ULIRs like Arp 220 the case is less clear. Such systems will either produce an excess of light at small radii, as seen in a small number of ellipticals, or require some process such as mass-loaded galactic winds or a top-heavy IMF to deplete the central gas supply without leaving too many evolved stars. If the latter possibility can be excluded, then the frequency of such spikes may be used to constrain the number of early type systems formed via ULIR mergers. 
ORBITAL STRUCTURE OF REMNANTS
While the two Toomre Sequence mergers NGC 3921 and NGC 7252 are thought to be seen at similarly late stages of their evolution, their observed molecular gas distributions and kinematics are markedly different (Figure 3 ). In particular, the molecular gas complex in NGC 3921 is significantly displaced (∼ 2 ′′ ∼ 760 pc) from the peak of the optical, near-infrared, and radio continuum emission (see Fig. 3a and . The CO kinematics show no ordered motion, suggesting that the molecular gas in NGC 3921 has not settled onto the center of the remnant. This is unlike the observed CO in most evolved mergers , which show a central disklike morphology and kinematics. A few exceptional transition objects without a clearly defined center are known (e.g. VV 114, Yun et al. 1994) , but finding the bulk of the molecular gas still unsettled at this late stage of the merger in NGC 3921 is surprising. NGC 7252 falls into the second class of objects, with the CO disk (Fig. 3b) showing strong rotational kinematics (Wang et al. 1992) and coincident with a small spiral disk imaged by HST (Whitmore et al. 1993) .
One possible explanation is that there may have been only one gas-rich progenitor for NGC 3921. This explanation was suggested by Hibbard & van Gorkom (1996) to explain the lack of atomic hydrogen in the northern stellar plume of NGC 3921, and is further supported by the observations of Schweizer et al. (1996) , who finds many fewer young globular clusters in this system compared to the gas rich mergers NGC 4038/9 and NGC 7252. The absence of gas in the second progenitor lessens the frequency of gas cloud collisions, especially within the central few kpc (Olson & Kwan 1990 ), and we would therefore expect less dissipation and angular momentum transport. This scenario is supported by the observation that the gas mass fraction and molecular gas column density in NGC 3921 is the lowest among all of the merger systems studied (Fig. 12 of .
Hydrodynamical simulations have shown that the presence or absence of gas in a merger may have a profound impact on the evolution of the remnant. In particular, Barnes & Hernquist (1996) show that an important impact of gas in a galaxy merger is to affect the population of the orbital families in the remnant. This happens because the gas falls quickly to the central regions, where it becomes an important contributor or even dominates the potential, causing it to deepen. This destabilizes orbits which pass very close to the center (i.e., box orbits), and allows more rotational or "tube" orbits (see especially Fig. 17 of Barnes & Hernquist 1996 and Fig. 56 of Barnes 1998) . One could well imagine that the existence of large numbers of these tube orbits are required for the infalling gas to form a long-lived central disk.
On the other hand, if not enough gaseous dissipation occurs and the dynamically hotter stellar component dominates the mass in the central regions, the potential should remain triaxial. In such a potential, there is a much higher incidence of box orbits and many fewer tube orbits (see above referenced figures). Without non-intersecting loop orbits to follow, it will be difficult for the gas to cool and form a central disk, and the gas may remain hot, forming an extended X-ray halo. As circumstantial support for this scenario, we note that boxy ellipticals have a higher X-ray content per unit blue luminosity than disky ellipticals (Bender 1992) . This scenario predicts that NGC 3921 has an X-ray halo while a merger like NGC 7252, with a sizable central molecular disk, has less of one.
Projecting the evolution of these two remnants into the future, it seems possible that since NGC 3921 has thus far been unable to form a central molecular disk, it may never posses one. The observed infall of gas into the central regions from the tidal tails ) may explain why we still see gas in central regions of NGC 3921 at all. We speculate that the resulting orbital families in the center of this remnant will be primarily boxy, resulting in a boxy or triaxial remnant. NGC 7252, on the other hand, posses a central stellar disk (Whitmore et al. 1993) that is molecular gas rich (Dupraz et al. 1990 , Wang et al. 1992 . Continued star formation of of this gas will increase the disk population, and the remnant will have a disky central region. We therefore speculate that mergers may produce both boxy and disky remnants, depending on whether the merger included a little or a lot of gaseous dissipation, respectively.
SUMMARY
• Even under the most optimistic conditions, the dense molecular gas complexes found in the centers of NGC 3291 and NGC 7252 should not significantly alter their luminosity profiles, which already are typical of elliptical galaxies (Schweizer 1982 , Schweizer 1996 . Since these systems also obey the Faber-Jackson relationship (Lake & Dressler 1986 ) and NGC 7252 falls upon the fundamental plane defined by normal ellipticals (Hibbard et al. 1994 , Hibbard 1995 , it appears that at least some mergers of gas-rich systems can evolve into normal elliptical galaxies as far as their optical properties are concerned.
• The dense molecular gas complex found in the center of Arp 220 may result in a "spike" in the remnants' luminosity profile, as warned by MH94. Since the molecular gas column density is a tight function of IR luminosity , we conclude that this condition may apply to all of the ultraluminous infrared galaxies. However, this does not preclude a merger origin for elliptical galaxies since (1) About 10% of the Nuker sample ellipticals (Byun et al. 1996) show such central spike in their radial light profile, and (2) it is possible that much of the gas in such systems is blown into intergalactic space by the mass-loaded superwinds found emanating from such objects (Heckman et al. 1999 , Heckman, Lehnert & Armus 1993 .
• Based on a comparison of the late-stage merger remnants NGC 3921, which lacks a central molecular disk, and NGC 7252, which possesses both a stellar and molecular disk, we speculate that mergers may produce both boxy and disky remnants, depending on whether the merger resulted in a little or a lot of gaseous dissipation, respectively. Fig. 1 .-Radial surface gas mass density profiles (in M ⊙ pc −2 ) derived from the integrated CO flux maps are plotted as a function of radius. The CO fluxes have been turned into mass densities by adopting a conversion factor of N H2 /I CO = 3 × 10 20 cm −2 (K km s −1 ) −1 and M gas = 1.34 × M H2 . The data for NGC 3921 are from ; for N7252 are taken from Wang et al. (1991) ; and for Arp 220 from Scoville et al. (1997) . The observed luminosity profiles in the B−band are plotted as a function of the fourth-root of the radius for NGC 3921 and NGC 7252, taken from the data in Schweizer (1996) and Hibbard et al. (1994) . Dotted lines: the expected B−band luminosity profiles after adding in the contribution expected by turning all of the gas into stars and allowing them to age by 2 Gyr. In neither case is a significant deviation from a pure r 1/4 law expected. Fig. 3 .-Molecular gas contours upon the B−band image of (left) NGC 3921 and (right) NGC 7252. The optical data are from Hibbard (1995) , and the CO data are from for NGC 3921 and Wang et al. (1991) for NGC 7252. The images are 30 ′′ wide, corresponding to 11.3 kpc for NGC 3921, and 9.2 kpc for NGC 7252. A wrapping greyscale transfer function has been used to display the optical data in order to show the location of the optical nuclei. This figure shows the disordered off-centered distribution of the CO in NGC 3921, compared to the more relaxed centrally located CO in NGC 7252.
